Objective: The aim of this study was to report a case series of in vitro matured (IVM) oocyte freezing in gynecologic cancer patients undergoing radical surgery under time constraints as an option for fertility preservation (FP). Methods: Case series report. University-based in vitro fertilization center. Six gynecologic cancer patients who were scheduled to undergo radical surgery the next day were referred for FP. The patients had endometrial (n = 2), ovarian (n = 3), and double primary endometrial and ovarian (n = 1) cancer. Ex vivo retrieval of immature oocytes from macroscopically normal ovarian tissue was followed by mature oocyte freezing after IVM or embryo freezing with intracytoplasmic sperm injection. Results: A total of 53 oocytes were retrieved from five patients, with a mean of 10.6 oocytes per patient. After IVM, a total of 36 mature oocytes were obtained, demonstrating a 67.9% maturation rate. With regard to the ovarian cancer patients, seven IVM oocytes were frozen from patient 3, who had stage IC cancer, whereas one IVM oocyte was frozen from patient 4, who had stage IV cancer despite being of a similar age. With regard to the endometrial cancer patients, 15 IVM oocytes from patient 1 were frozen. Five embryos were frozen after the fertilization of IVM oocytes from patient 6. Conclusion: Immature oocytes can be successfully retrieved ex vivo from macroscopically normal ovarian tissue before radical surgery. IVM oocyte freezing provides a possible FP option in patients with advanced-stage endometrial or ovarian cancer without the risk of cancer cell spillage or time delays.
Introduction
Uterine and ovarian cancer comprise a significant proportion of malignancies affecting women [1] . Despite predominantly occurring in postmenopausal women, approximately 20% of gynecologic malignancies take place in women of reproductive age who have yet to complete family planning [2] [3] [4] [5] . When broken down by subtype, 8% of endometrial cancers, 12% of ovarian cancers, and 40% of cervical cancers occur in patients during their childbearing years [6] . Improvements in cancer diagnosis and treatment have resulted in an improved survival rate, allowing these patients to focus on their quality of life. Fertility preservation (FP) has become an important issue for cancer patients of reproductive age, and planning for the possibility of parenthood after cancer treatment and FP is now an integral component of pre-cancer treatment counseling.
In gynecologic malignancies, fertility-sparing surgery is a viable option for certain early-stage cancer patients, including those with early cervical carcinoma, early endometrial adenocarcinoma, ovarian tu-mors of low malignancy, and some selected cases of unilateral ovarian carcinoma (stage IA) [3, 7] . A conservative approach to fertility involves sparing the uterus and a unilateral ovary during surgery. However, in cases of advanced gynecologic malignancies, reproductive organs such as the uterus and ovaries must be removed by radical surgery. FP for gynecologic cancer patients undergoing radical surgery poses a significant clinical challenge. Radical surgery is often initiated without considering FP because neither cancer patients nor their oncologists wish to delay surgical treatment. Furthermore, the removal of reproductive organs through radical surgery makes it difficult to consider future pregnancies. When advanced cancer patients are faced with FP, debates can arise over which FP option is preferable or whether cancer cell spillage could be prevented during FP procedure.
In cases of in situ ovarian cancer or endometrial cancer with the potential for ovarian involvement, the only option for FP is obtaining oocytes for either oocyte or embryo freezing. In vitro matured (IVM) oocyte freezing is an option in the case of time constraints, such as if an operation is scheduled for the next day [8] . Immature oocytes can be retrieved in vivo or ex vivo, matured in vitro, and frozen by vitrification. Ex vivo oocyte collection is preferred to in vivo collection in order to avoid the possibility of cancer cell spillage. A few reports have discussed ex vivo retrieval in advanced-stage gynecologic cancer patients [9] [10] [11] . Prasath et al. [11] reported the first pregnancy and live birth resulting from cryopreserved embryos obtained from IVM oocytes after oophorectomy in an ovarian cancer patient.
Herein, we report a case series of FP using IVM oocytes retrieved from macroscopically normal ovarian tissue harvested during radical surgery.
Methods
The subjects of this study included six gynecologic cancer patients who were referred by their gynecologic oncologists for FP consultation. The patients had endometrial (n = 2), ovarian (n = 3), and double primary endometrial and ovarian (n = 1) cancer. At the time of consultation, all patients were planning to undergo radical surgery the next day; therefore, all the patients had a time constraint of less than 24 hours. For FP, we planned oocyte freezing for unmarried patients and embryo freezing for a married patient. After discussions with the gynecologic oncologist, each patient planned to have oocytes harvested from macroscopically normal ovarian tissue during radical surgery, followed by IVM.
All subjects provided written informed consent and parental consent was also obtained in the case of one patient who was not married. The gynecologic oncologist explained the experimental nature of this procedure and all patients were clearly informed that a surrogate mother would be required for future conception after cancer treatment.
For the endometrial cancer patients, total hysterectomy (TH), bilateral salpingo-oophorectomy (BSO), bilateral pelvic lymph node dissection (BPLND), and bilateral para-aortic lymph node dissection (BPALND) were performed. Patient 
Retrieval of immature oocytes from ovarian tissue
During the surgical procedure, macroscopically normal ovarian tissue was excised and immediately transferred to the laboratory, with an ischemic time of less than 15 minutes. The macroscopically normal ovarian tissue was harvested, put in a stainless steel bowl filled with 0.9% NaCl, and was delivered to the laboratory. The removed ovarian tissue was placed in a large petri dish containing warm Quinn's Advantage Medium with HEPES supplemented with heparin. All visible follicles were aspirated with a 10-mL syringe and 18-gauge needle. After ovarian tissue dissection, aspiration was used to randomly to retrieve oocytes beneath the ovarian surface. The aspirate was flushed in Oocyte Washing Medium (CooperSurgical, SAGE, Trumbull, CT, USA) and cumulus-oocyte complexes (COCs) were identified under a dissecting microscope. After oocyte aspiration, the ovarian tissue was also sent for routine pathological assessment to rule out malignant cell infiltration of the primary cancer. In this study, none of the harvested ovarian tissue after oocyte retrieval showed histologic signs of malignant cell infiltration.
Oocyte IVM
The collected COCs were assessed for the presence or absence of a germinal vesicle or the first polar body by microscopy. The retrieved immature oocytes were isolated and incubated in a four-well dish containing IVM media (800 μL G2, VitroLife, Kungsbacka, Sweden) supplemented with 10% Human Serum Albumin (VitroLife), recom-binant follicle-stimulating hormone (75 mIU/mL, Gonal-f, Serono, Rome, Italy), recombinant human chorionic gonadotropin (hCG) (0.5 IU/mL, Ovidrel, Serono), and estradiol (Sigma, St. Louis, MO, USA) at 37°C and 5% CO2 in humidified air. The mature oocytes were cultured for 4 hours and immature oocytes were cultured for up to 48 hours. After culture, the oocytes were denuded using hyaluronidase solution (0.1% hyaluronidase, Sigma), and their maturity was determined using microscopy by the presence of a first polar body.
Vitrification of IVM oocytes
The mature oocytes in metaphase 2 were cryopreserved by vitrification. The remaining immature oocytes were cultured for an additional 24 hours, and if any oocytes matured, they were vitrified in the same manner. IVM oocytes were vitrified with a pull-and-cut straw, which was constructed by pulling and cutting a 0.25 mL plastic sterile straw (Bicef). The oocytes were equilibrated in 7.5% ethylene glycol (EG) and 7.5% dimethyl sulfoxide (DMSO) for 20 to 25 minutes, and then exposed to 15% EG and 15% DMSO in phosphate buffered saline (PBS) with 0.5 M sucrose within 1 minute. Then, the vitrified oocytes were immediately plunged into liquid nitrogen. For thawing, oocytes were warmed in 1 M sucrose for 1 minute and in 0.5 M sucrose for 3 minutes, followed by washing in PBS.
Results

Gynecologic cancer patients
The characteristics of the patients are presented in Table 1 . Oocytes were collected from macroscopically normal ovarian tissue in endometrial (n = 2), ovarian (n = 3), and double primary ovarian and endometrial (n = 1) cancer patients. The patient age at the time of FP consultation ranged from 19 to 39 years, with a mean of 29.0 years. She was 39 years old and unmarried. Her anti-Müllerian hormone (AMH) levels were less than 0.1 ng/mL. Radical surgery was performed on MCD 9. Oocyte collection was attempted, but failed. Patient 6 was 37 years old, and was diagnosed with stage II double primary ovarian and stage IC endometrial cancer. She was married and had irregular menstrual cycles. A total of 11 oocytes were collected; eight underwent IVM, and five embryos were frozen after fertilization via intracytoplasmic sperm injection (ICSI).
Ex vivo oocyte retrieval and IVM
All surgical treatments, including oocyte collection, were undertaken during the follicular phase of menstruation. A total of 53 oocytes were retrieved from five patients, with a mean of 10.6 oocytes per TAH, total abdominal hysterectomy; BSO, bilateral salpingo-oophorectomy; BPLND, bilateral pelvic lymph node dissection; BPALND, bilateral para-aortic lymph node dissection; G2, grade 2; L/S, laparoscopy; RSO, right salpingo-oophorectomy; CT, chemotherapy; G3, grade 3; LAVH, laparoscopy-assisted vaginal hysterectomy; G1, grade1.
patient. After IVM, a total of 36 mature oocytes were obtained, demonstrating a 67.9% maturation rate. One to 15 IVM oocytes were frozen per patient (Table 2) . For patient 6, five embryos were frozen after ICSI was performed in eight IVM oocytes. For patient 5, with stage IC ovarian cancer, the harvested ovarian tissue volume was small and fibrotic, which may explain the failure to collect oocytes from this sample ( Figure 1A ). More oocytes were frozen from patient 3, whose harvested ovarian tissue volume was larger than that of patient 5, although these patients had the same stage of cancer. One matured oocyte was frozen from patient 4, who had stage IV cancer, whereas a total of seven oocytes were frozen from Patient 3, whose cancer was stage IC, despite the fact that these patients were of a similar age ( Figure 1B ).
Discussion
Significant progress has taken place in the area of assisted reproductive technology towards FP, which helps female cancer patients maintain fertility in the face of cancer treatment. This study evaluated the feasibility of oocyte IVM and embryo freezing in gynecologic cancer patients undergoing radical surgery. Immature oocytes were successfully retrieved from macroscopically normal harvested ovarian tissue. After harvesting and IVM, the oocytes were frozen, and embryo freezing was possible with ICSI using IVM oocytes for the one patient who was married. Gynecologic cancer treatment has traditionally been focused only on eradicating disease, with surgical treatment as a crucial component in the treatment. Uterine or ovarian cancer is staged surgically and the pathologic assessment of organs in situ is necessary to determine the prognosis and the proper adjuvant therapy. In certain early stage cancers, therapeutic surgical procedures can be modified in order to preserve fertility; however, in the case of advanced-stage cancers, radical surgery remains mandatory, and the reproductive organs must be removed. Radical surgery not only eliminates the possibility of future fertility, but is also associated with significant surgical morbidity.
Advanced-stage cancer patients are required to undergo surgical treatment as soon as possible. It is often difficult for oncologists to bring up the topic of FP because the diagnosis of advanced-stage cancer can itself be overwhelming for the patient. Patients are not likely to be counseled regarding FP and have little opportunity to express concerns about their quality of life after cancer treatment. However, if the opportunity is available, oocyte harvesting is possible before or at the time of radical surgery, and embryo freezing can be an option for FP, in order to allow future pregnancies to occur with a surrogate mother. We believe that oocyte freezing should at least be proposed to gynecologic cancer patients. Mature oocyte freezing after controlled ovarian stimulation (COS) is the most preferable method for oocyte freezing [12] . However, in the case of radical cancer patients with time constraints for FP, COS, which requires seven to 10 days, is not possible; moreover, the high estradiol levels associated with COS are deemed unsafe for patients with hormone-sensitive tumors. Immature oocyte collection without COS, followed by IVM oocyte freezing, is an alternative option. This technique has been used in conjunction with ovarian tissue freezing. IVM has been offered as an additional strategy to increase the efficacy of freezing the ovarian tissue [8] . As the antral follicles are devoid of cancer cell infiltration, oocytes retrieved from the antral follicles offer a reliable option in the case of cancer patients with a high potential for ovarian involvement or in situ ovarian cancer.
Oocytes can be collected in vivo using transvaginal ultrasoundguided aspiration. In the case of ovarian malignancies, in vivo oocyte collection may result in the spillage of cancer cells. The possible occurrence of malignant cancer cell spillage is of concern, since it may result in intra-peritoneal dissemination of the cancer. According to the Fédération Internationale de Gynécologie et d'Obstétrique classification, rupture of a malignant tumor apparently confined to one ovary during surgery advances the disease to stage IC. In the case of clear cell carcinomas of the ovary, capsule status is an independent prognostic factor predictive of poor overall and disease-free survival [13] . Therefore, ex vivo oocyte retrieval is considered the safest option for avoiding malignant cell spillage into the peritoneal cavity.
Immature oocytes were successfully collected from macroscopically normal ovarian tissue in five out of six patients, with a mean of 10.6 oocytes. No oocytes were retrieved from one patient with an AMH level < 0.1 ng/mL and an ovarian reserve that was compromised in comparison with an age-matched woman. Although it is not clear whether the failed oocyte collection was due to decreased ovarian reserve or the small fibrotic ovarian tissue, recent reports have suggested that ovarian reserve is diminished in cancer patients [14] [15] [16] . The lower ovarian reserve in cancer patients may be explained by either accelerated follicle loss or a defect in the recruitment of antral follicles due to the disease. In a recent meta-analysis of seven retrospective studies, female cancer patients had lower numbers of total oocytes and mature oocytes after COS for FP than healthy agematched patients, reflecting decreased ovarian reserve [17] .
In ovarian cancer patients, the number of retrieved oocytes may be negatively associated with cancer stage. We observed a trend for a higher cancer stage to be associated with a lower number of retrieved oocytes. Eleven oocytes were retrieved from patient 3, whose cancer was stage IC, while three oocytes were retrieved from patient 4, whose cancer was stage IV, despite being approximately the same age. The volume of harvested ovarian tissue is another factor that determines the possibility of oocyte collection. In the case of a cancer patient whose ovarian cortical surface was smooth and devoid of antral follicles, harvesting resulted in the collection of only three oocytes, from which only one IVM oocyte was frozen, although the patient was 19 years of age. Within ovaries, the secondary and antral follicles contain immature oocytes, which account for approximately 7% of the follicular population. Therefore, the tissue volume reflects the follicular population [18, 19] .
FP offers the hope of future fertility to cancer survivors. At an appropriate time after cancer treatment, frozen oocytes can be thawed, fertilized, and implanted in surrogate mothers, with the hope that this process will result in a live birth. The success rates for live births using frozen IVM oocytes are improving, but still remain low, at approximately 20% [20, 21] . Maximizing the number of oocytes for freezing is therefore extremely important, because most patients have a single chance for FP due to time constraints. Surplus oocyte collection is the first step for successful FP. COS with gonadotropins is a major strategy used to increase the oocyte collection per cycle, meaning that IVM without COS has limitations in terms of the oocyte quantity. For this reason, earlier referrals should be considered for COS in order to maximize the number of oocytes retrieved [22] . Although it is ideal to start COS within 3 days of menstruation in order to retrieve multiple oocytes, the recent introduction of random-start stimulation has overcome the restriction of the starting cycle day. COS can be started in the follicular or luteal phase regardless of the menstrual cycle [23] [24] [25] [26] . Another approach involves oocyte retrieval with hCG priming 36 to 38 hours prior to collection in order to increase the maturity of the oocytes [27, 28] . In this study, none of the patients had 36 hours available to wait from hCG injection to retrieval.
Retrieved immature oocytes can be frozen either at the immature germinal vesicle stage or at the mature metaphase II stage after IVM. It has been proposed that immature oocyte freezing, instead of IVM oocyte freezing, may reduce the risk of aneuploidy [29] . However, the literature to date indicates that the potential for oocyte maturation after thawing frozen immature oocytes is significantly reduced [30] . Therefore, IVM oocyte freezing is favored over immature oocyte freezing.
Although an oocyte maturation rate of 67.9% is encouraging, ex vivo IVM oocyte quality can be a major concern in comparison with in vivo IVM oocytes. The risk of meiotic disturbances due to temperature changes experienced during the transition from in vivo to ex vivo cannot be neglected [8] .
Ex vivo oocyte retrieval followed by IVM oocyte freezing is a feasible option for FP. This option is best offered to gynecologic cancer patients with time constraints, cancers with a high potential of ovarian involvement, or in situ ovarian cancer.
